Most of the available data on 
relevant exposure concentrations in both the test animal species and humans.
Several environmental chemicals interact with each other by various mechanisms that are dependent on the dose, dosing regimen (i.e., single or repeated exposure), exposure pattern (i.e., pretreatment, coadministration, or postadministration), and/or exposure route of one or both chemicals (3) . Most (7) (8) (9) (10) (11) (12) . Several dithiocarbamates increase the uptake of lead through the blood-brain barrier by forming lipophilic complexes (13 
High-Dose to Low-Dose Extrapolations
High-dose to low-dose extrapolations of toxicokinetic interactions can be accomplished by PBTK modeling because the mathematical descriptions used in PBTK models account for the nonlinear kinetic behavior of individual chemicals and the mixture effects. The toxicokinetic nonlinearity is often related to a change in the numerical values of biochemical, physiological or physicochemical determinants that is not strictly proportional to the change in dose or exposure concentration. The ability to conduct high-dose to lowdose extrapolation of toxicokinetic interactions using PBTK models may be examined with metabolic induction/inhibition as the mechanism. In such cases, the binary toxicokinetic interaction model accounts for the nonlinearity arising from two phenomena: the saturable nature of the metabolism of individual chemicals and the relative importance of the metabolic interaction mechanism as a function of substrate concentration. The saturation of metabolism at a high exposure concentration of a chemical leads to a situation that is characterized by the absence of significant inhibitory interaction effects on the hepatic extraction ratio at such concentrations; however, the interactive effect becomes more evident at subsaturation concentrations. In the case of enzyme induction, the effect is more pronounced at high exposure concentrations (i.e., at which metabolism is capacity limited) than at low exposure concentrations (i.e., at which metabolism is perfusion limited). The Ki values were determined for all three types of inhibition, and competitive inhibition appeared to be the most plausible mechanism of metabolic interaction (25) .
With the inclusion of the Ki values for all binary interactions, the mixture PBTK model was used to simulate the kinetics of each component in rats following a 4-hr inhalation exposure to a mixture of 100 ppm each of TOL, XYL, and EBZ. For all three chemicals, the venous blood concentration kinetics simulated by the binary interactions-based mixture PBTK model compared well with experimental data (25) . This approach has also been used to predict the carboxyhemoglobinemia resulting from DCM exposure in the presence of aromatic hydrocarbon solvents, i.e., TOL, XYL, and EBZ (19) . Based on the results of this simulation study, Krishnan and Pelekis (19) Figure 3 . Predictability of the effect of benzene (X) on the interacting binary pair of dichloromethane (A) and toluene (B). These chemicals are substrates of CYP2E1 and are assumed to compete for metabolism. Vmax refers to the maximal velocity for biotransformation; Km refers to the Michaelis affinity constant; Cterms are concentrations of unchanged chemicals in the venous blood leaving liver. The equations on the left side of the thin arrows represent metabolism of A and B when they are present alone and on the right-hand side the equations represent the modification of the rate of their metabolism in the presence of an inhibitor (A or B) . With the addition of Xto the binary mixture of A-B, all one does is include the constants representing metabolic inhibition between X and A and Xand B in the PBTK model. In this example, the inhibition constants are set equal to the Km of the inhibitor. Adapted from Krishnan and Pelekis (19) . third chemical, XYL, to the binary mixture affects the magnitude of the existing binary interaction of DCM-TOL by increasing the CQi of TOL and that of DCM ( Figure   3 ). Similarly, the addition of EBZ to the ternary mixture affects the kinetics of all three solvents. The magnitude of the modulation of interactions invoked on the addition of another chemical to an existing network of binary interactions depends on its inhibition potency and also on its CQ.
With increasing complexity of mixtures, the Ki for binary interactions is not modified; rather, the C>l is increased according to the potency and number of the inhibitors. The increasing effective concentration of chemicals in a mixture is due to a cascade of inhibitory events at the binary level. This is why we tend to see a more marked inhibitory effect on the metabolism of a substrate at a specific exposure concentration with increasing number of inhibitors.
Though Figure 5) . In cases where toxicodynamic interactions occur, the same equation depicted in Figure 5 can be used; however, it is important to note that toxicological consequences during mixed exposures do not result from change in tissue dose but result from a modification of the toxicodynamics or overall potency of mixture components. The current research in the areas of toxicokinetic and toxicodynamic modeling should facilitate the implementation and further validation of the interactions-based approaches for the risk assessment of chemical mixtures. 
